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Motivation

• growing storage systems and growing energy consumption

• storage systems typically build from regular x86 servers with low energy
proportionality [1]

• ARM-based single-board computers are designed for low energy consumption
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Distributed File Systems

• Typically metadata is split and
stored on a dedicated
metadata server (A)

• Actual file contents are striped
and distributed to multiple
storage servers (B)

• Clients (C) directly
communicate with storage
servers after metadata lookups
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CephFS

• built on the Ceph Clustered Object Store [2]
• made of monitor, management and object storage services

• distribution of data via CRUSH
• takes cluster map and some admin defined rules to calculate data positions

• fail-over possible due to replication

• additional metadata services implement access as file system
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OrangeFS

• OrangeFS [3] is a traditional HPC file system

• only one service type that handles metadata and data

• metadata management via LMDB

• no replication or built-in fail-over

• file striping with round-robin and 64 KiB stripe size
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ARM-based Cluster Setup

• A,B,C: Odroid HC4 [4]
• Quad-Core 1.8GHz ARM

64-bit CPU
• 4 GB DDR4 memory
• 1x Gbit/s Ethernet

• A: 8x 1 TB 2.5" HDD [5]

• C: 2x 512 GB SSD [6]

• D: ZES Zimmer LMG 450 [7]

• E: Netgear Switch [8]

• F: Network infrastructure of
the MPI Magdeburg

• G: Dell Clients [9]
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Reference-Setup

• four node subset of a productive Ceph cluster

• 3x Supermicro AS 2124BT-HNTR [10]

• 1x Gigabyte R282-Z94 [11]

• 2x 100 Gbit/s Ethernet

• 13x Intel P4510 NVMe SSD [12]

• 8x Samsung MZQL23T8HCJS-00A07 NVMe SSDs [13]

• power measurement over the existing monitoring solution via IPMI every 15s
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Theoretical Peak Performance

Cluster Network Throughput Storage Devices TPP

ARM 4 × 124.1 MB/s 8 × 115 MB/s 496.4 MB/s
Supermicro 3 × 12.5 GB/s 12 × 2.9 GB/s 34.8 GB/s
Gigabyte 1× 12.5 GB/s 1 × 2.9 GB/s / 8 × 4 GB/s 12.5 GB/s
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Benchmark

Layout of an IOR test file [14]

• IOR [15] v3.3 with POSIX backend and a transfer size of 4 MiB

• aggregated size of 96 GiB on the reference and 36 GiB on the ARM cluster
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Data Throughput
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System Write in MiB/s / % TPP Read in MiB/s / % TPP

ARM - CephFS 95.22 / 20.11 172.12 / 36.36
ARM - OrangeFS 289.23 / 61.10 296.82 / 62.70

Reference 2322.47 / 5.15 5705.0 / 12.65
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Energy Efficiency
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Energy-Delay Product

EDP = E · tw , w ∈ N
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Conclusion and future work

• promising energy efficiency values for capacity and throughput

• lightweight distributed file system achieved better performance and thus efficiency

• Future Work:
• test more distributed file systems
• use a more similar cluster as reference
• evaluate larger clusters
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